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ABSTARCT: CT10 regulator of kinase (Crk) and Crk-like (CrkL) are cytosolic adaptor proteins that play important roles in cell proliferation, adhesion, and migration. In addition, Crk and CrkL are structurally similar to each other and play essential overlapping
functions. Crk and CrkL are also known to be overexpressed in non-small cell lung, ovarian, gastric and glioblastoma cancers and have been suggested as novel therapeutic targets for cancer treatment. Ablation of endogenous Crk and CrkL from cultured fibroblasts
carrying floxed alleles of Crk and CrkL by transfecting with synthetic Cre mRNA resulted in a failure of cell proliferation and cell cycle arrest at the G1-S transition. To elucidate the mechanism of Crk/CrkL-mediated functions, we performed custom RT2
profiler PCR arrays after conditionally ablating both Crk and CrkL from fibroblasts. Loss of Crk and CrkL led to significant changes in expression levels of cell cycle genes such as cyclin D1. In addition, non-coding RNAs such as miR-1a-3p, miR-23b-3p, miR-99a-5p,
and miR-335-5p, which are known to reduce cell proliferation and tumor metastasis, were up-regulated in the absence of Crk and CrkL. Changes in the expression levels of miR-335-5p and cyclin D1 were confirmed by q-PCR and Western, respectively. Additionally,
Western blot analyses showed that loss of Crk/CrkL from cells increased the expression of p27Kip1. Reintroduction of CrkII restored the cyclin D1 expression and repressed the p27Kip1 expression. Our results suggest that Crk and CrkL control the cell cycle by
regulating gene expression of cyclin D1, p27Kip1 and miR-335-5p. With these results, we are extending our study to cancer models to gain clear knowledge on biological functions of Crk/CrkL in cancer.

INTRODUCTION
- Crk & CrkL: ubiquitously expressing adaptor proteins
containing SH2 and SH3
- Crk: cloned as the cellular counterpart of the avian
sarcoma virus v-Crk
- Chicken tumor No. 10 (CT10) Regulator of Kinase
- Crk-like (CrkL): 56% protein sequence identity
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Overexpression of Crk family proteins induces transformation of cultured cells. Overexpression of Crk and CrkL has been reported in several
human cancers, including oral squamous cell carcinoma, ovarian carcinoma, colon cancer, lung cancer, breast cancer, gastric cancer, and
glioblastoma. Reduced expression of either Crk or CrkL, by RNA interference-mediated knockdown, lowered the in vivo tumor formation of
human ovarian, synovial sarcoma, glioblastoma, breast cancer, head and neck squamous cell carcinoma, and rhabdomyosarcoma cell lines.
Taken together, these reports imply that elevated levels of Crk family proteins promote cell transformation and enhance tumor cell growth.
To investigate functions of endogenous Crk and CrkL in biological processes at the cellular level, we developed mouse strains and cell lines
harboring individual and combined floxed alleles of Crk and CrkL. Application of the Cre-loxP recombination-based conditional knockout
approach to cultured fibroblasts enabled us to demonstrate that endogenous Crk and CrkL are important for maintaining cell structural
integrity and proper cell motility. Secondly, they enable cells to progress from G1 to S phase. We also discovered that Crk and CrkL are
required for cell transformation induced by viral oncogenes. Here we utilized the conditional knockout system of Crk and CrkL and custom
RT2 profiler PCR arrays to examine the mechanistic role of Crk and CrkL in cell proliferation. Our findings clearly demonstrate that Crk and
CrkL play an essential role in differentially regulating coding gene Cyclin D1 and non-coding miRNAs miR-1a-3p, miR-23b-3p, miR-99a-5p and
miR-335-5p. Our study also showed that ectopic overexpression of CrkII restored the expression levels of Cyclin D1 and p27kip1, which plays
a role in the cell cycle.

Fig2: RT2 profiler PCR results

Results: Fig 1: Lack of cell proliferation in the absence of Crk and CrkL
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T antigen-immortalized Crk/CrkL double-floxed fibroblasts were transfected without synRNA (None) or with synGFP (GFP) or synCre (Cre). (A), Crystal violet images of cells were
taken at the indicated DPT. Scale bar: 500 µm. (B) and (C), Cell proliferation was quantitatively measured using WST-1 assay, and the A450-690 values are presented in linear (B) and
logarithmic (C) scales. (D) Exponential trendlines for the WST-1 assay graphs were drawn and their slopes, the coefficients of x, are presented as the rates for exponential cell
growth. (E) Total cell lysates were obtained at the indicated DPT for Western blot analyses. (F), Histograms of representative propidium iodide staining are shown.
Park et al. J Biol Chem. 2016 Nov 2. pii: jbc.M116.764613. PMID: 27807028

Fig 3: Validation of RT2 profiler
PCR results

Fig 4: Crk restores expression of Cyclin D1

Shortlisted significantly differentially regulated genes from the RT2 profiler PCR
arrays. (A) miRNAs (miR-23b-3p, miR-99a-5p, miR-1a-3p, miR-335-5p), (B) cell cycle
regulators (Cyclin D1, E2F2, PKD1, PMP22, B2M), (C) senescence (Cyclin D1, Myc,
Serpine1, CDKN1C, Col3a1, Igfbp3, Igfbp5, Igfbp7, Irf7, Map2K6, Tbx2, B2m), (D)
transcription factors (Foxa2, Hoxa5, Mef2c, Myc, Nfatc4, Smad9, Stat1, B2m) and
other genes were differentially regulated when compared with control. N=2 (These
results were generated from two independent biological replicates).

Fig 5: Known mediators of Crk/CrkL in cell cycle and their targets
A. Cell Cycle

B. Among five Known regulation of Crk

SUMMARY:
1) Loss of Crk and CrkL induced by Cre
transfection decreased Cyclin D1 expression,
which is a key regulator of G1 phase and induced
the expression of miR-335-5p, a metastasis
suppressor miRNA.
2) In addition, loss of Crk and CrkL differentially
regulated other coding genes and non-coding
RNAs, which are known to mitigate the cell
proliferation and metastasis.

C. Known miR-335-5p targets in GBM

3) From this data in mouse fibroblasts, we are
extending this study in different human cancer cell
line models, specifically to understand the
mechanistic role of Crk/CrkL in cell cycle.
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miR-335-5p and miR-103-5p (Control
miRNA) and Cyclin D1 protein levels were
measured: In comparison to profiler results,
both of these gene expression were
validated comparative to Cre None
condition. Vinculin served as the internal
control for Western blot analysis

Total cell lysates were obtained after 3DPT for
western blot analysis. Ectopic expression of CrkII in
Cre condition rescued the Cyclin D1 expression and
repressed the expression of p27Kip1. Vinculin served
as the internal control for western blot analysis.

Ingenuity pathway analysis: (A) Cell cycle: p130Cas (BCAR1) is a activator of Crk/Crkl, ERBB2 and
ABL1 are direct protein binding partners to Crk/Crkl, Akt and MAPK8 are activated by Crk/CrkL. (B)
Among the five molecules shortlisted for this study (miRNAs and Cyclin D1), Crk/CrkL are known to
indirectly regulate the Cyclin D1 and miR-1-3p. (C) Crk/CrkL down stream regulator miR-335-5p posttranscriptionally regulates the transcription factors (RB1 and HLF), kinases (CDKN1A) and other
proteins in glioblastoma (GBM)
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